It is of course well recognized that the length of time required by a germicide to kill a given number of bacteria varies with the concentration of the substance. The relation between concentration and time can usually be expressed by the formula Ct -k, often written in logarithmic form log t = log k -n log c for convenience The obvious value of the concentration exponent n is that it gives direct information as to the effect of dilution upon the speed with which a disinfectant can kill. Silver nitrate and iodine, with n values of 1, can be diluted considerably without undue effect upon the time, whereas phenol, with a value of 6, rapidly loses its practical efficacy.
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Values for the concentration exponents have been determined for relatively few germicides, and the results obtained by different workers have often been discordant. It is always found, however, that the substances which have large n values belong to compounds which are surface active in character. In a recent papers Tilley has reported numerous values for concentration exponents, some of which, for alcohols, were as high as 12.
Some attempt has been made to account for the existence of these high powers. Watson ' has suggested that they may indicate chemical reactions of high order, but Buchanan and Fulmer' state that "such a value as is secured for n (if a constant is secured) should not be regarded as related directly to the order of the reaction, but as an arbitrary constant useful for comparative purposes."
It has been mentioned that the disinfectants which have high concentration exponents possess surface-active properties. We know, too, that in any homologous series of substances, such as the alcohols, the surface tensions parallel thegermicidal properties. Presumably, therefore, the interfacial tension between germicide and cell also parallels the killing activity, and, if surface forces play any part in disinfection, will probably be the important factor. Attempts have been made to invoke such forces as being the active agents in killing, but the direct action has never been demonstrated and seems improbable.
However, it does not seem improbable that surface forces may play an important part in disinfection through their effect in facilitating contact between germicide and cell.
If this were their action, they would serve merely to cause "wetting" of the cell, following which death would come through chemical reaction. The term "wetting" as used here implies the displacement of substances at the cell surface by the germicide. The time necessary for such displacement would be a function of the interfacial energy, and this, in turn, would be modified by changes in the concentration of the germicde. The relation between these factors would determine n.
In most disinfection processes the chemical is present in tremendous excess, weight for weight, compared to the amount of bacterial protoplasm, though probably only a small quantity of the chemical takes part in the actual killing. With the alcohols, for instance, octyl is some 1500 times as powerful as ethyl, both in killing and in lowering surface tension. If killing is a chemical process it is difficult to understand why it takes 1500 ethyl alcohol molecules to do what one octyl molecule can do. But if one octyl molecule can "wet" the bacterium in the same length of time that 1500 ethyl molecules can, and chemical action can only follow this "wetting," the situation becomes understandable. In other words, while the concentrations of the two substances in solution may differ enormously, the effective concentrations at the cell may be the same, due to the much greater surface energy of the octyl alcohol.
In this paper evidence will be presented to support the hypothesis that the concentration exponent, n, is determined by the surface energy of a germicide.
Methods
Throughout the experiments an end-point technic was used to determine the time of disinfection. The test organism, Staphylococcus aureus, was grown for 18 to 24 hours at 370 on ordinary beef extract nutrient agar at pH 7. Growth was taken up in S ml. of distilled water, thrown down in the centrifuge, resuspended in S ml. of fresh distilled water, and filtered through cotton. This procedure was followed in order to eliminate to some extent the complicating influence of the medium constituents.
Of this suspension 0.02 ml. were added to 10 ml. of the germicide dilution under test, and from this mixture, kept at 200, 0.02 ml. were removed at appropriate time intervals and transferred to broth tubes which were read after 48 hours' incubation at 370. Sterile serological pipettes graduated in hundredths were used in all transfer work. Occasional counts showed that the 0.02 ml. inoculum added to the germicide contained approximately 50 million cells, so that the 0.02 ml. transfers to broth would contain about 100,000 organisms. The reduction in numbers for complete disinfection was therefore presumably from 100,000 to less than 1.
For the wetting experiments a modification of the Draves test2 was employed, with the use of ordinary gray woolen yarn. A fivefoot length was taken and folded upon itself four times. The top of the resulting bunch was cut through with scissors and a hook of 12-gauge iron wire weighing 4.3 gm. was passed through the closed end. It may be noted that for this type of experiment the amount of yarn and the weight of the wire, within limits, seem to be immaterial and the specifications given above form a system which will sink in distilled water in about 20 minutes. To perform the experiment the bunch of yarn with wire attached is held by the cut end and lowered into a graduate containing 500 ml. of the solution to be tested. When the yarn touches the liquid, hold is released, and with a stop-watch the length of time elapsing before the yarn sinks below the surface is measured. The test is relatively crude, and the discrepancies which occur are probably due to differences in the characteristics of the yarn, but five or more determinations at each dilution with fresh pieces of wool give an average value which can be used with consistent results. Temperature has an influence on the reaction, but this factor was not controlled except that each series of determinations was made at the same temperature.
In the tables presented in this paper all concentrations are expressed in moles per liter; times in minutes for killing or in seconds for sinking; surface tensions in dynes per centimeter (y). A study of the graphs will show that in certain ranges the log t/log c plot for the wetting of wool gives a straight line. Therefore, the formula with and inactivate certain receptors in that cell. That with a given germicide the two n values are not the same is probably unimportant, since these could be expected to vary with differences in the surfaces wetted.
Further, it will be noticed that in wetting, with all of the sub- Since the lower concentra--i LOG C ' tions of substances used in Fig. 4 . The effect of change in the con-these experiments gave valcentrations of resorcinol upon surface tension ues lower than this figure and upon the times for killing the staphylococcus and for wetting wool.
an attempt was made to compensate for such influences by using sodium chloride in 1 per cent concentration. Since the addition of salt to a phenol solution tends to drive the phenol from solution and bring about a greater concentration at surfaces, this effect was cared for by using only 0.955 times as much phenol as would suffice without the salt. This factor was calculated from data presented by Laird. The results of experiments using such phenol-salt solutions were essentially the same as those obtained with phenol alone-there was the same sharp break in the curve at the same concentration. Although the organisms died off in 1 per cent saline suspensions, the rate of death was not constant. In some cases an inappreciable reduction in the number of cells occurred in 7 hours, in others the count might drop from an initial 100,000 cells to about 10,000. In 24 hours the suspensions had not become sterile.
An obvious criticism which will come to mind is the extent to which "natural" death of the cells can affect the death rate. Undoubtedly this plays some part. Such a factor should act consistently through the entire time period, however, and should not cause any sharp break in the curve, such as is seen in these experiments. This might explain why Tilley, using 10 per cent broth in his mixtures and thus providing some protective substance tending to retard death, obtained n values of 12 for the alcohols, while here, with washed cells, a further death rate is superimposed on that due to the chemicals, and the value 6 was found. The presence of extraneous surface-active materials undoubtedly modifies -disinfectant action-it will be recalled how very effective soaps are in delay-' ing disinfection by most surface-active germicides-perhaps through some process of selective adsorption.
It is apparent that "natural" death may affect the process, but it does not seem that it can account for the whole phenomenon. If other protective surface-active substances, such as broth constituents, are present the whole picture may be changed, probably through competition for the cell surface. In order to minimize the influence of this "natural" death without introducing additional surface-active agents, the ideal germicide for experimental purposes would seem to be the one giving a sharp break in its surface-tension curve at a concentration, preferably about 0.2 molar for reasons of osmotic pressure, at which killing requires relatively few minutes. To date, however, such a substance has not been found.
Summary
Evidence has been presented, supported by an analogy with the wetting of wool by various germicides, that an important part of the disinfection process may be the "wetting" of the bacterial cell, and that changes in the time of disinfection with changes in the concentration of disinfectant may be due to correlated changes in wetting power. If this be so, then n, in the disinfection formula Ct =k, may be an expression of the effect which changes in concentration have upon the surface activity of the disinfectant solutions, rather than a number indicating a chemical reaction of high order.
